Introduction: Coronary artery aneurysms (CAA) are rare. We present our experience
| INTRODUCTION
Coronary artery aneurysm (CAA) or ectasia is defined as an enlargement of a coronary artery exceeding the diameter of neighboring segments or the patient's largest coronary artery by at least 50%. 1 The incidence is approximately 0.02 to 0.04%. 2 The prevalence of CAAs is significantly higher in other countries, such as Japan. 3, 4 Most of our knowledge is drawn from single case reports. [5] [6] [7] [8] [9] [10] [11] [12] [13] Keyser et al compiled a series of case reports, resulting in a "meta-analysis" with a total of 28 patients with CAA. 14 There is no established surgical approach for CAA. While some patients are treated with coronary artery bypass grafting (CABG), other patients undergo more complex surgery with resection or ligation of the CAA and concomitant CABG. The latter approach has a higher perioperative risk for morbidity and mortality. 15 Transection of the proximal aorta and pulmonary artery has also been described for optimizing exposure for CAAs in close proximity to the left main coronary artery. 11 The majority of reports are single case studies and focus only on the perioperative outcome. The long-term outcome after surgery for CAA is largely unknown. In this study, we present the short-and long-term results of a cohort of 15 patients with CAA who underwent surgical treatment at a single institution.
2 | METHODS
| Patients and follow-up
Between March 2000 and October 2016, a total of 15 patients with CAA underwent surgery at our center. We reviewed our hospital database and analyzed chart data, surgical reports, and imaging data.
We contacted the patients and their cardiologist and/or general practitioner by telephone. Reports of diagnostic exams were obtained via mail or fax. This study was in line with our institution's ethics guidelines and all patients gave consent.
| Surgical technique
All operations were performed via a full midline sternotomy. If applicable, the left and/or right internal thoracic artery were harvested as pedicle grafts. Simultaneously, the radial artery of the non-dominant arm and/or the saphenous vein were also harvested. If applicable, the T-graft anastomosis was completed before cannulation, followed by administration of heparin.
In on-pump cases, the ascending aorta and the right atrial appendage were cannulated for establishing extracorporal circulation. Myocardial protection was achieved by administration of intermittent antegrade cardioplegia with either cold crystalloid solution or warm blood cardioplegic solution (Calafiore). Cold blood cardioplegic solution (Buckberg) was used in patients with reduced ejection fraction. After cross-clamping of the ascending aorta and the induction of cardioplegic arrest, coronary arteries were revascularized in a "back-to-front" fashion, beginning with the inferior wall, followed by the lateral wall and finally the anterior wall. Four patients received more complex surgery of the CAA.
Patient 2 developed a proximal CAA of the RCA following a Bentall operation. After median sternotomy and establishment of extracorporeal circulation, the aneurysm was resected and the Dacron prosthesis was closed with a running suture. A saphenous vein was anastomozed end-to-end to the RCA distally, and the proximal end of the saphenous vein was re-inserted into the Dacron graft.
The CAA of the LAD in patient 3 was eliminated by proximal and distal ligation using two 4-0 Prolene sutures. In addition, the patient received total arterial revascularization by anastomosing the left internal thoracic artery to the distal LAD and a radial artery T-graft to the PDA. The LAD showed significant atherosclerosis, requiring a thromboendarterectomy with a "long" anastomosis of the LITA of approximately 1.5 cm in length.
Patient 6 had a giant CAA of the RCA with a fistula to the coronary sinus. After cardioplegic arrest, the CAA was opened. The proximal part of the CAA was resected, the proximal inflow of the RCA was ligated and a saphenous vein graft was anastomozed to the RCA. The distal part of the CAA was not excised since two right ventricular branches originated from this area. Instead, the RCA was bypassed distal to the RCA. The fistula defect in the coronary sinus was closed using autologous pericardium and a running suture.
Patient 14 had a CAA of the very proximal LAD. After establishment of ectracorporeal circulation and cardioplegia, the ascending aorta and the pulmonary artery were transsected in order to get access to the CAA. The aneurysm was isolated by proximal and distal ligation sutures. Next, bypass surgery was performed by anastomosing a radial artery Y-free-graft to a ramus branch and LCX. Then, the ascending aorta and the pulmonary artery were closed and the left internal thoracic artery was anastomozed to the left anterior descending artery.
| Statistical analysis
Data analysis was performed using SPSS 22 Statistics software (Version 3 | RESULTS Table 1 shows an overview of all patients in this study. The pre-operative patient demographics are shown in Table 2 . The mean age was 60 ± 16 years and there were more female (53%, n = 8) than male patients (47%, n = 7). Arterial hypertension was present in 75% (n = 11) and hyperlipidemia in 40% (n = 6) of patients. Kawasaki syndrome was present in 13% (n = 2)
and Marfan syndrome in 7% (n = 1). Coronary artery disease was found in 63% (n = 11) of patients. None of the patients were of Asian descent.
In 73% (n = 11) of cases, the CAA was diagnosed during coronary angiography following symptoms of angina. In 20% (n = 3), patients complained of progressive dyspnea, leading to echocardiography and/ or computed tomography scan and finally coronary angiography. In one patient the CAA was diagnosed without symptoms during routine coronary angiography that has been performed before repair of a abdominal aortic aneurysm.
Detailed information on the CAAs can be found in Table 3 . The majority of patients presented with solitary CAAs (73%, n = 11), while only 27% (n = 4) showed multiple lesions. The radiological findings of one patient with a giant CAA of the right coronary artery are shown in Figure 1 and an animated three-dimensional reconstruction of the computed tomography scan is shown in supplementary movie S1. 
The operative data are presented in Table 4 . All patients received coronary artery bypass grafting and additional resection/ligation of the CAA was performed in 27% (n = 4) of patients. Fifty-three percent (n = 8) of patients underwent total arterial myocardial revascularization. One case (7%) was performed via off-pump coronary artery bypass grafting.
The post-operative outcome is shown in Table 5 . No patient died peri-operatively. There were no complications in terms of prolonged mechanical ventilation, renal replacement therapy, stroke, or wound infections, but one patient (7%) required reoperation for bleeding. 
| DISCUSSION
The literature reports that CAA are predominantly located in the RCA. 14 Our study showed that the RCA is involved in one-third of all cases, and the remaining aneurysms were located in the left coronary system. We found that most CAAs are solitary, and only slightly more than one-quarter of CAAs were associated with multiple coronary aneurysmal lesions. This is in line with previous publications.
2,14
The causes of CAA vary. It has been reported that the majority of CAA are caused by coronary artery disease. 14 Our study seems to confirm this, as approximately three-quarters of cases were associated with coronary artery disease. Another known reason for aneurysmal dilation is Kawasaki syndrome, 4 which was present in two patients in this series. One patient had Marfan syndrome, which is also a known cause for CAA. Although atherosclerosis shows a strong association with CAA, the etiology of CAA remains unknown.
Aneurysmal thrombus formation is commonly found in CAA and represents a potential risk factor for distal embolization with subsequent myocardial ischemia. 16 While the literature reports a OPCAB, off-pump coronary artery bypass. relatively high rate of thrombotic CAA of up to 75%, we did not observe any thrombi in our study. This may be explained by the fact that our study comprises both giant and ordinary CAA, while most publications focus only on giant CAA, which apparently have a higher tendency towards thrombus formation. There is no consensus as to the optimal treatment of CAAs in terms of medical or surgical therapy. It has been suggested that conservative medical management with antiplatelet or anticoagulation drugs might be an option. 17 However, given that three out of five patients with conservative management died in Keyser's metaanalysis 14 and given the perioperative mortality of 0% in our study, we believe that surgical intervention is more appropriate to manage patients with CAA, especially if the patients are symptomatic and the CAAs are larger and/or associated with coronary artery disease.
| CONCLUSION
Surgical treatment of CAA is a safe treatment option with good short-and long-term results. Solitary CABG is adequate for non-giant CAA, while complex surgical approaches including resection or ligation with concomitant reconstruction or CABG should be reserved for giant CAA.
Fistulous communications from the CAA should be closed, but significant collateral branches arising from the CAA should be preserved if possible.
